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A RESEARCH-BASED
TRANS\T\ON

PRIMARY [SSUES:

* Incorporation of
bractices from the field

» No cross-cutting
bractices or integration

* Lack of understanding of
earner needs

A FRAMEWORK FOR

K-12 SCIENCE
EDUCATION

Practices, Crosscutting Concepts, and Core Ideas

LEAD TO TRANSITION:

 Effort to restructure
standards based on
research findings and

current 1andscape e, .. @)
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DEVELOPMENT EFFORT

NEXT GENERATION

CIENCE

STANDARDS

For States, By States

» Michigan was one of 26 lead
states involved In the
development effort

» Several parties involved in science education In
Michigan became partners in development and
implementation

» Since publication, this has become the default resource
and focus for Michigan science educators
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Patterns

Cause and Effect

Scale, Proportion, and Quantity
Systems and System Models
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Energy and Matter

Life Scien

Structure and Function

Farth Science

Stability and Change

Engineering and Design
Cross-disciplinary Integration

Mathematics and Language Arts
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WHEN (AND HOW)
DO WE START?



How do three different types of painkillers
affect the heart rate of the xenopus
tadpole?

Question

Observation Ibuprofen Data Table

Culture
Water Ibuprofen Qualitative Data/Notes

E 1 126 bpm 102 bpm Very high heart rate

Trials

102 bpm 114 bpm Great visual of heart beating

Could see blood flowing, hard to
see heart

Lower heart rate

Could see lungs great
Could see blood flowing
Great visual of heart

No change

Average

WHAl DO VWE S
EROM S 1 UDEN



* Predictions - | B
e fE ‘ aim that when introduced to the xenopus

e Eor Japote; these painkillers will most likely make the heart
« Confidence In rate go up, or it will stay the same, but rarely go down.

. . Ither stayed the same, or went up. For the
to Investigate example 24/30 trials either went up or stayed the
same, and the average of all the trials is 87.2 in water,
and.921.8 when the painkiller is introduced.

| did ten trials for each type of medicine, so

Igation was a fair test, and | looked for all
potential sources of error, and if there was one, |
restarted, so | am strongly confident in my investigation.
| had also known from second hand research that these
medicines had no known stimulants or depressants, so
\_it wouldn't make much of a difference. )

CONNECTING SCIENTIFIC PRACTICES
WITH MATH AND ELA SKILLS

results
. Future questions Imost all of my trials support my claim;
J




Driving Question:
What is the water
like in our river?

HOW DO WE ENGAGE LEARNERS
AND DEEPEN UNDERSTANDING?




Driving Question:

What is the water
like in our river?

Where does the / l What is in the water ' .

water in our in our river!
river come from? Who depends '

on the water?

What lives in the
What happens * y'iver?

when it rains?

Is the water [s our river different 2
different through Fra e DO
How does the the river?
water get to the Can we drink
river? the water?

HOW DO WE ENGAGE LEARNERS
AND DEEPEN UNDERSTANDING?




Students who demonstrate understanding can:

Current

. Classify substances by their chemical
properties (flammability, pH, and
reactivity).

. Identify the smallest component that
makes up an element.

. Describe how the elements within the

Periodic Table are organized by similar
properties into families (highly
reactive metals, less reactive metals,
highly reactive nonmetals, and some
almost completely non-reactive
gases).

. lllustrate the structure of molecules
using models or drawings (water,
carbon dioxide, table salt).

. Describe examples of physical and
chemical properties of elements and
compounds (boiling point, density,
color, conductivity, reactivity).

Proposed:

. Develop models to describe the atomic

composition of simple molecules and
extended structures.

. Analyze and interpret data on the properties

of substances before and after the
substances interact to determine if a
chemical reaction has occurred.

. Gather and make sense of information to

describe that synthetic materials come from
natural resources and impact society.

. Develop a model that predicts and

describes changes in particle motion,
temperature, and state of a pure substance
when thermal energy is added or removed.

. Develop and use a model to describe how

the total number of atoms does not change
in @ chemical reaction and thus mass is
conserved.

. Undertake a design project to construct,

test, and modify a device that either
releases or absorbs thermal energy by
chemical processes.*



A REVIEW OF STANDARDS. ..

MDE / Wayne RESA contract |
: : SRI Education
with SRI International: -
» External, Independent content > '
comparison review ' '
» Michigan Science Standards

(GLCE and H5CE) to Next
(Generation Science Standards

A Content Comparison Analysis of the
Meth OdO|Og>/I Next Generation Science Standards

and the Michigan Science Standards
« Crosswalk framework

- Content analysis for
similarrties and differences o=
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Recommendations

Rationales

Michigan should consider the adoption of the
NGSS performance expectations in order to
improve science education in all grades.

The value added by the adoption of the NGSS includes
access to current science concepts that are required
to prepare students for college and careers.

The NGSS Science and Engineering Practices
and Crosscutting Concepts should be
implemented to enhance current science
education instruction for grades K-12.

The NGSS Science and Engineering Practices and
Crosscutting Concepts are embedded across the NGSS
performance expectations and provide coherence
across grades and all science disciplines.

The NGSS performance expectations for the
Disciplinary Core Ideas in Engineering,
Technology and Application of Science contain
new content that should be included in science
instruction across all grades.

Implementation of the NGSS performance
expectations in new content areas such as
Engineering, Technology and the Application of
Science will prepare students for solving future and
current societal problems.

The NGSS performance expectations provide
explicit connections to Common Core
Mathematics and English Language Arts
Standards that should be integrated into
science instruction.

The NGSS linkages to the Common Core Standards for
Mathematics and English Language Arts connect
consistent performance expectations across core
content areas.

NGSS Professional Development Resources
that support instruction in new content areas
are available through participation in the NGSS
Network and should be leveraged to support
Michigan science teachers.

On-going, high quality professional development that
includes current science concepts is essential to
improvements in science instruction.
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MICHIGAN SCIENCE
S TANDARDS

For Adoption: Not for Adoption

» Student Performance Expectations * Guidance Materials on
(and relevant NGSS coding), including Instruction and Assessment
Michigan specific expectations where | |
appropriate - Anclllary Materials

(Appendices, Models,

* Front matter describing Crosswalks, etc.)

Crosscutting Concepts (organizational WHY?:

frame),

Science and Engineering Practices - Offer greater flexibility for
(Integrated into performance ocal implementation in
expectations), and Michigan's school districts and
Disciplinary Core Ideas bublic school academies

Education



PROPOSE

Earth’s Systems: Processes that Shape the Earth

4-ESS1-1

4-ESS2-1

4-ESS2-2

4-ESS3-2

Engineering Design
3-S-ETS1-1 Define a simple design problem reflecting & need or a want that indudes

3-5-ETS1-2 Generate and compare multiple possible solutions to a problem based on

3-5-ETS1-3 Plan and carry out fair tests in which variables are controlled and failure

* < Integrates tracitional science content with engineering. ‘-wm.uwwmwm.
**. Allow for local, regional, or Michigan specific contexts or examples In teaching and assessment.

4th Grade

Identify evidence from patterns in rock formations and fossils in rock layers
to support an explanation for changes in a landscape over time. **

b 4-£551-1 MI Identify evidence from patterns in rock formations and
fossils in rock layers to support possible explanations of Michigan’s
geological changes over time.

Make observations and/or measurements to provide evidence of the effects
of weathering or the rate of erosion by water, ice, wind, or vegetation**

Analyze and interpret data from maps to describe patterns of Earth’s
features.

Generate and compare multiple solutions to reduce the impacts of natural
Earth processes on humans. " **

h 4-ESS3-2 MI Generate and compare multiple solutions to reduce the
impacts of natural Earth processes on Michigan’s people and places.

specified criteria for success and constraints on materials, time, or cost.
how well each is likely to meet the criteria and constraints of the problem.

points are considered to identify aspects of a model or prototype that can
be improved.

Page 14 of 29

D SCIENCE STANDARDS & GUIDANCE

|. Organized by grade level or
band and content strand

MICI—!IGANdQ
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PROPOSED SCIENCE STANDARDS & GUIDANCE

4th Grade

Earth’s Systems: Processes that Shape the Earth

4-ESS1-1  Identify evidence from patterns in rock formations and fossils in rock layers

|. Organized by grade level or
3 4.2551-1 A1 ienty evidencefrm pcters b ock formatons nd band and content strand

fossils in rock layers to support possible explanations of Michigan’s
geological changes over time.

4-ESS2-1 Make observations and/or measurements to provide evidence of the effects
of weathering or the rate of erosion by water, ice, wind, or vegetation**

4-ESS2-2  Analyze and interpret data from maps to describe patterns of Earth’s
features.

2. Performance expectations
include coding, and Mi-specific
4-ESS3-2 (E;:r::r:tr:c a‘r;:ecsoc:np:;emr:::lel'e' solutions to reduce the impacts of natural .
% 4-ES553-2 MI Generate and compare multiple solutions to reduce the d |te "N at IVES

impacts of natural Earth processes on Michigan’s people and places.

ng Design

3-5-ETS1-1 Define a simple desigh problem reflecting @ need or a want that indudes
specified criteria for success and constraints on materials, time, or cost.

3-5-ETS1-2 Generate and compare multiple possible solutions to a problem based on
how well each is likely to meet the criteria and constraints of the problem.

3-5-ETS1-3 Plan and carry out fair tests in which variables are controlled and failure
points are considered to identify aspects of a model or prototype that can
be improved.

* < Integrates tracitional science content with engineering. ‘-Mm:Manmomwm.
**. Allow for local, regional, or Michigan specific contexts or examples In teaching and assessment.
Page 14 of 29
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PROPOSED SCIENCE STANDARDS & GUIDANCE

4th Grade

Earth’s Systems: Processes that Shape the Earth

4-ESS1-1  Identify evidence from patterns in rock formations and fossils in rock layers

|. Organized by grade level or
S 4.£551.1 NI ey evdere o potas nrock formations 0d band and content strand

fossils in rock layers to support possible explanations of Michigan’s
geological changes over time.

4-ESS2-1 Make observations and/or measurements to provide evidence of the effects

) 2. Performance expectations

4-ESS2-2 1.Structure, Function, and Information Processing
SRS WO GORISLANE LACESIG I l | d d. d M |— If‘
raaan | e S et s 8 e e e e e iInciude coding, an SpPECITIC
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SINTNG FUCTIES Dy MVONG 3RS 05 3N MOTS 0N DANES. MDY Oul IMDUO0TS Dy MIFNOONG INITS 0N DAanches 300 SV QUls. N0, OMRCINg NOrudes

1-181-2, :t;d?m“:n?u:;o“ to determine patterns in behavior of parents and offspring that help offspring survive. a |te rn a-tives

COMmCation SUREsert. Sxamgied oFf DRt OF DENEvIOrS COUd MOUSE DN 0NN DNt OMISrng Mk (Iuch 08 OyINg, Cheeping, and SN vOCAIETON) % T
Meponses of the DANENE (SCh 85 TeCINg. COMMOtng, aNg PORICENg the oMprrg) |
1-1L53-1. Make observations to construct an evidence-based account that young plants and animals are like, but not exactly
like, their parents. |Curticatos Raterent: Duargies o pemorns oM INCOr foatares DIants or Smal Bhare. Exampien of comevetons could Inciude
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3. Guidance organized in same

oterved, Lsed 12 OetrRe pherOree,

00 g s evoence. (1451 10UAS)-

S | manner, but includes relevant

0 Thew funanon(s). (1481-1)
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B e Science and Engineering
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PROPOSE

4-ESS1-1

4-ESS2-1

4-ESS2-2

4-ESS3-2

* < Integrates
**. Allow for

3-S-ETS1

3-5-ETS1

3-5-ETS1

Earth’s Systems: Processes that Shape the Earth

Identify evidence from patterns in rock formations and fossils in rock layers

to support an explanation for changes in a landscape over time. **

K 4-ESS1-1 MI Identify evidence from patterns in rock formations and

fossils in rock layers to support possible explanations of Michigan’s

geological changes over time.

Make observations and/or measurements to provide evidence of the effects

D SCIENCE STAN

4th Grade

1.Structure, Function, and Information Processing

STAdents Who COMSNSTAE LACOrSaNding Can:
1-LS1-1. Use materials to design a solution to a haman problem by mimicking how plants and/or animals use their external

parts to help them survive, grow, and meet their needs,” Chfcton Suterert. Durges of humes prodlern Dut cas be soived by
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Connections to Nature of Science
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Sclence and Engineering Practices
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DARDS & GU

DANCE

Organized by grade level or
band and content strand

Performance expectations
include coding, and Mi-specific
alternatives

Guidance organized In same
manner, but includes relevant
Science and Engineering
Practice, Disciplinary Core Ideas,
and Crosscutting Concepts)

Guidance also includes relevant
assessment boundaries,
contexts, and related standard
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NEXT STEPS - ASSESSMENT

State and Local Assessments Formative Assessments

Education



SCIENCE ASSESSMENT
TIMELINE

. Initial ltems
Flield Test
. . for new
science/engin . .
science/engin
tems

standards

ﬁ Full

Transition M-Step with Implementation
GLCE / HSCE Content science/engin stds

— ﬁ
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CLASSROOM AND SCHOOL
ASSESSMENTS FOR SC\ENCE

¥ [Crested
-"""Tée—l}_os

i
'5': h

Common local AnalyS|s of student Performance
assessments artifacts assessment



NEXT STEPS - SCHOOL POLICY

Resources for Learning Instructional Practice

Education



TRANSITION TIMELINE

Incorporate Engineering Change Science Content Courses

Redesign Science Methods Courses Restructure Elementary Education

Teacher
Preparation

" Re-align Supports Modify Certification / Credential Requiremgnts
A ﬁ
> Provide Guidance / Coordinate PD / Educator Prep
£8 é Realign to address K-5 Science Restructure Secondary Staff
- Address leacher Placement and Content based PD I
5
-
=

Incorporate Practices and Engineering Action Research on Rractice
@ —

—
2014-5 2016-7 2018-9 2020-|

2015-6 2017-8 2019-20 2021-2
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